Aqueous suspensions of Bacillus subtilis NCTC 8236 spores, surviving gamma irradiation from a cesium-137 source, exhibited an enhanced rate of inactivation compared to nonirradiated spores when heated with 0.04% phenylmercuric nitrate. The enhanced rate of inactivation, observable from survival curves, was noted when spores were irradiated with 150,000 rad under air in either the presence or absence of the bactericide. The magnitude of the enhanced inactivation rate increased as the irradiation dose under air increased from 150,000 to 300,000 rad. The inactivation rates of spores surviving irradiation with 150,000 rad under either oxic or anoxic conditions did not exhibit a simple quantitative relationship. The enhancement effect was observed when the severity of the heat treatment was increased by either reducing the pH from 8 to 6 or raising the temperature from 70 to 90 C.
Phenylmercuric nitrate is a commonly used mercurial bactericide. Mitchell (5) noted the suitability of 0.004% phenylmercuric nitrate for inclusion in ophthalmic vehicles to facilitate sterilization by heating at 100 C. In the British Pharmacopoeia 1968 (The Pharmaceutical Press, London) sterilization process of "heating with a bactericide," 0.002% phenylmercuric nitrate is added to thermo-labile injections which are then heated at 98 to 100 C for 30 min to effect sterility.
It has been reported by us (1, 3) that prior treatment of Bacillus subtilis spores with low doses of gamma irradiation enhances their rate of inactivation, compared to nonirradiated spores, by various heat treatments with phenolic bactericides. Accordingly, it was decided to attempt to establish a similar enhancement effect in the inactivation of the spores when phenylmercuric nitrate was used as bactericide. Such studies would indicate the usefulness of a sterilization process based on combined minimal dose of gamma irradiation and thermal treatment with a bactericide.
MATERUILS AND METHODS
The preparation and storage of the stock spore suspension of B. subtilis NCITC 8236, the viable count procedure, the dosimetry of the cesium-137 gamma irradiation facility, and the utilization of the heat I Present address: Justus Liebig-Universitat, Giessen, Germany.
source have been described (1) (2) (3) . The count of viable spores in the stock suspension used was ca. 2 X 109 organisms per ml and did not diminish significantly (P = 0.05) in viability during storage at 5 C throughout the 9 months of usage in the experiments described. Spores of equivalent total count, obtained from the stock suspension, were used for determining comparable survival curves. The method of construction and statistical analysis of divergence between survival curves has been described (3).
Medium. Preliminary experiments indicated the suitability of nutrient agar (Oxoid) containing 1% dextrose, sterilized by autoclaving at 10 psi for 15 min, to which was added aseptically at 55 C 0.3% sodium thioglycolate previously sterilized by filtration. The sodium thioglycolate was prepared and assayed just prior to incorporation into the medium as described by Steel (6) .
Chemicals. Glass-distilled water was used to prepare the medium and chemical solutions. (4) . This alteration in the effective concentration of the bactericide could affect the magnitude of the divergence between the survival curves discussed.
The inactivation experiments were repeated with the exception that the 0.04%r phenylmercuric nitrate, phosphate buffer (pH 7), was added to the nonirradiated and irradiated spores just prior to the commencement of the heat treatment. The survival curves ( Fig. 1 (3, 4) , 0.04% phenylmercuric nitrate in phosphate buffer (pH 7) being added (1, 4) just before the heat treatment.
RESULTS
It was considered desirable to cause inactivation of spores through several log cycles of surviving fraction for the realistic evaluation of the sterilization procedure. Preliminary experiments indicated that a suitable concentration of phenylmercuric nitrate for such a study was 0.04%/ when proposed experimental conditions were varied. The divergence of survival curves determined for replicate experiments was insignificant, whereas the divergence of all the comparable survival curves reported in this communication was significant, unless otherwise indicated.
Effect of presence or absence of phenylmercuric nitrate during irradiation on spore inactivation. Volumes of spore suspension in 0.04% phenylmercuric nitrate, phosphate buffer (pH 7), were either nonirradiated or irradiated with 150,000 rad under air. Figure 1 shows that spores surviving irradiation were more readily inactivated than nonirradiated spores by subsequent heat Effect of temperature on spore inactivation. Figure 5 shows survival curves for aqueous suspensions of spores, either nonirradiated or irradiated with 150,000 rad under air, before heating at either 70 or 90 C in the presence of 0.04% phenylmercuric nitrate, phosphate buffer (pH 7). The severity of the bactericidal treatment was increased by raising the temperature, and it was observed that spores surviving irradiation showed an enhanced rate of inactivation compared to nonirradiated spores at both tempera- air, or irradiated with 300,000 rad under air, and to each suspension was added 0.04% phenylmercuric nitrate, phosphate buffer (pH 7) just before heating at 80 C. Figure 2 shows that the enhanced inactivation rate of spores surviving irradiation, compared to nonirradiated spores, after heating with the bactericide increased in magnitude as the dose of prior gamma irradiation applied to the spores was increased.
Effect of gas present during irradiation on spore inactivation. Samples of aqueous spore suspension were sealed under air, oxygen, or nitrogen and then irradiated with 150,000 rad. One volume of each irradiated spore suspension was mixed with two volumes of 0.06% phenylmercuric nitrate, phosphate buffer (pH 7) just prior to heating at 80 C. The survival curves obtained are shown in Fig. 3 Effect of pH on spore inactivation. From the survival curves shown in Fig. 4 , it was apparent that as the pH decreased from 8 to 6 the rate of . 4 bactericidal agents comprising the process. 
